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Available online 10 July 2009AbstractThe Transdisciplinary Research Integration Center (TRIC) advances the basic objectives under the umbrella of the Research
Organization of Information and Systems (ROIS). The TRIC co-ordinates the development of novel fields of research within the
Inter-University Research Institute Corporation of Japan. The TRIC program fosters integrated research and develops information
platforms that support the quest for new paradigms in the fields of Earth science and life systems. The project, ‘‘Environmental and
Genetic Approach for Life on Earth with a Study of Relevant Modeling and Prediction Techniques (EAGLE)’’ began under the
TRIC program in 2005. The goal of the EAGLE project is to improve our understanding of ecosystems on Earth and to investigate
the mechanisms leading to the evolution of life and the adaptation of species as a result of past environmental changes. The EAGLE
project is also positioned as a national project of the ‘‘Microbiological and Ecological Responses to Global Environmental Changes
in polar regions (MERGE) program’’, so called, ‘‘MERGE-Japan’’ which was initiated as part of the International Polar Year (IPY,
2007e2008). A general outline of the current achievements and discussion of the EAGLE project during the IPY period are
presented in this progress report.
 2009 Elsevier B.V. and NIPR. All rights reserved.
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The International Polar Year (IPY) program was
setup to coordinate interdisciplinary scientific research
in the polar regions. The goal of the program is to
foster scientific exploration and improve our under-
standing of polar processes. In particular, research
focused on detecting changes in the polar environment
and understanding how polar events are linked to* Tel.: þ81 42 512 0644; fax: þ81 42 528 3195.
E-mail address: kanda@nipr.ac.jp
1873-9652/$ - see front matter  2009 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2009.06.005global environmental changes. The IPY also focused
on fostering the development of a new generation of
polar scientists, engineers, and logistics experts and
improving outreach to schoolchildren, the public, and
decision-makers.
147 scientists from Japan participated in 86 of the
476 projects included in the IPY (IPY Data Manage-
ment, 2007). The Science Council of Japan formed
a subcommittee, the Japanese National Committee, to
assist with planning for the IPY 2007e2008. The
committee was tasked with articulating a vision for
Japanese participation in the IPY in coordination with,reserved.
190 H. Kanda / Polar Science 3 (2009) 189e196and on behalf of, the Japanese Science Committee. The
beginning of the IPY program was marked by
a number of events throughout the world. Among
these, the Science Council of Japan hosted an Inter-
national Symposium of IPY in Tokyo on 1 March
2007. The symposium was organized in cooperation
with a number of Asian countries and drew 117
participants from 14 countries (Sato and Fujii, 2007).
To mark the conclusion of the IPY in 2009, the Science
Council of Japan subcommittee is hosting a sympo-
sium for schoolchildren at the National Science
Museum, Tokyo on 1 March 2009.
The Transdisciplinary Research Integration Center
(TRIC) belongs to the Research Organization of
Information and Systems (ROIS). The TRIC program
covers a number of umbrella projects including the
EAGLE project, which initiated in 2005 (Kanda, 2008,
2009). The membership of the EAGLE project is
composed of approximately 40 scientists from the
TRIC and other universities and institutions, with Dr.
Hiroshi Kanda as the overall Project Director.
The objectives of the EAGLE project overlap, to
some extent, with those of the Microbiological and
Ecological Responses to Global Environmental
Changes in Polar Regions (MERGE) program, which
was initiated as part of the IPY. In other words, the
EAGLE is positioned as a national project, so called
MERGE-Japan in the International Polar Year (IPY)
Program (Fig. 1).Research 
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Fig. 1. EAGLE and MERGE. The objectives of the EAGLE project overlap
positioned as a national project, so called MERGE-Japan in the IPY progr2. MERGE
MERGE was developed by integrating proposals
that were submitted to the IPY committee. The
program was endorsed by the IPY committee (IPY
Expressions of Intent (EoI) No. 55) and adopted by
a joint committee, consisting of members from WMO
and ICSU. The MERGE program is led by a Japanese
representative, Dr. Takeshi Naganuma of Hiroshima
University, Japan (IPY, 2009).
The MERGE is an umbrella program that aims to
improve understanding of the responses of terrestrial,
limnetic and supraglacial polar ecosystems to climate
change by studying prokaryotic and eukaryotic
organisms in the polar environment (Naganuma and
Wilmotte, 2006, 2009). The IPY program was initiated
1 March, 2007 and finished 1 March 2009. However,
the MERGE will continue for several years together
with other IPY programs, ‘‘Polar Aquatic Microbial
Ecology (PAME)’’, ‘‘Evolution and Biodiversity in
Antarctica (EBA)’’, and ‘‘Subglacial Antarctic Lake
Environments (SALE)’’, which shared a similar focus
with the MERGE program.
2.1. General overview of MERGE
The MERGE program has three themes: 1) Diver-
sity and biogeography, 2) Food webs and ecosystem
evolution, and 3) Linkages between biological,MERGE
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biome (IPY, 2009).
The first theme focuses on analyzing the community
structure and biogeography of polar terrestrial,
limnetic, and supraglacial ecosystems. Research
addressing this theme will produce reference collec-
tions of polar organisms and genetic material such as
environmental DNA. Selected groups of organisms
will be studied to associate species diversification with
geographical separation, and to screen for unique
physiological and biochemical functions that occur in
response to the extreme conditions of polar habitats.
Research addressing the second theme analyzes
food webs in polar habitats. The complexity of polar
food webs is low relative to lower latitudes. Thus, they
are likely to be more sensitive to changes in species
composition. The third theme involves documenting
the range and nature of aquatic ecosystems on the
surfaces of glaciers in the Arctic and Antarctic. This
research involves interdisciplinary studies that focus on
biological productivity, biogeochemical trans-
formations, and linkages between biological activity
and atmospheric fluxes of carbon, nitrogen and phos-
phorus to glacial surfaces. In addition, this theme
covers complementary studies on ice shelf cryo-
ecosystems that occur in polar regions and share
microbiological similarity with other cryoconite
systems (Takeuchi et al., 2005).
3. EAGLE
Prior to April 2004, national universities and
research institutes in Japan were operated under the
umbrella of a national body governed by the Ministry
of Education, Culture, Sports, Science and Technology
(MEXT). Since then, oversight was transferred to
a cooperative organization, the Research Organization
of Information and Systems (ROIS). ROIS was estab-
lished by combining the National Institute of Polar
Research (NIPR), the National Institute of Genetics
(NIG), the National Institute of Information (NII), and
the Institute of Statistical Mathematics (ISM).
The Transdisciplinary Research Integration Center
(TRIC) was established during the same period as ROIS.
The goal of the TRIC is to construct new paradigms in
the fields of Earth science and life systems. The TRIC
program integrates a vast amount of wide-ranging data,
collected by observatory networks. TRIC was initiated
as a five-year program and consists of four umbrella
projects, which focus on three fields of research: 1) life
systems, 2) environmental systems, and 3) complexity
systems and modeling/information processing.Recent advances in biotechnology have improved
our ability to process genomic material. Thus,
researchers are now able to study the microorganisms
present in ice cores taken from Antarctic ice sheet by
analyzing the DNA contained in the ice. This data is
useful for understanding the relationships between
global environmental change and evolution or diversity
of microbial organisms.
The EAGLE project is also hoped that trans-
disciplinary researches in TRIC program will yield
novel results which challenge the conventional notions
of polar biology and the links to the global environ-
ment (Pohl and Hirsch Hadorn, 2007; Hirsch Hadorn
et al., 2008).
3.1. EAGLE project subtitles
3.1.1. Microbial analysis of ice sheet cores as a time
capsule of paleoenvironments
A historical record of the biota is contained in the
DNA captured within the freeze zone. Analysis of the
abundance, origin, and diversity of these microbes
yields a record of environmental change over a long
period of time (w720,000 years). This aspect is shown
in the vertical axis in Fig. 2.
3.1.2. Comparative studies on the biological systems in
extreme environments in polar regions
The focus of this section is to compare the micro-
organisms from a variety of ecosystems in extreme
environments. Such environments are characterized by
very low temperatures and strong ultraviolet rays.
Understanding the expression pattern/function of genes
from organisms that inhabit such environments is
expected to yield insights into the processes guiding
the adaptation of organisms to their environment. This
implication was shown in the horizontal axis in Fig. 2.
3.2. EAGLE project outline
During the first year of the EAGLE project in 2005,
the research group developed an ice fusion device
using samples of the iceberg containing a large number
of cells. The device allowed microbial extraction from
the ice without contamination from external sources.
In addition, the group investigated the capacity to
regenerate biological specimens, such as mosses,
lichens, algae, cyanobacteria, nematodes, and proto-
zoans from frozen samples (Transdisciplinary Inte-
gration Project, 2006).
During the second year in 2006, the Dome Fuji
Station group of the Japanese Antarctic Research
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Fig. 2. EAGLE project. The vertical axis is temporal change and the horizontal axis is adaptation to various environments.
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3035.22 m. The group also collected a sample of the
underlying bedrock. The age of the ice core was esti-
mated as 720,000 years (Goto-Azuma and Ice Core
Consortium, 2007). To analyze the microbes collected
from the base of the Antarctic ice sheet, the EAGLE
researchers prepared a P2 level clean room at the
National Institute of Polar Research (NIPR). The
microbes from the deep ice core were extracted using
the ice fusion device (Transdisciplinary Integration
Project, 2007).
3.3. EAGLE project activities as a MERGE-Japan
during the 2007e2008 period of the IPY program
(Transdisciplinary Integration Project, 2008)
The member of the EAGLE project participated at
the EAGLE workshop in the XXXI Symposium on
the Polar Meteorology and glaciology, and Polar
Biology, which was set at the National Institute of
Polar Research, Tokyo, on 4 and 5 December 2008.
Some current achievements and results of the project
which are presented at the workshop were introduced
below.3.3.1. Microbial analysis of ice sheet cores as a time
capsule of paleoenvironments
3.3.1.1. Development of microbial analysis of Dome
Fuji ice sheet core. Ice sheet cores contain a number of
microbes, such as cyanobacteria and bacteria, as well as
algae, microzoans, pollen, and spores. These organisms
were transported to the polar regions via atmospheric
processes and accumulated on the glacier or ice sheet.
Thus, changes in the diversity or abundance of biota in
the ice reflect historical changes in the environment.
The bacteria present in the snow and ice of a glacier
play an important role as decomposers within the
glacial ecosystem. However, there is little data
regarding these bacteria. Prior to the IPY, Russian and
Japanese researchers investigated microorganisms
within the Antarctic ice sheet and subglacial samples,
drilled at Vostok Russian Antarctic Station (Abyzov
et al., 2006; Duxbury et al., 2006). Recently, EAGLE
project researchers investigated the microbial pop-
ulation in the deep ice cores collected at the Dome Fuji
Japanese Station using 16S rRNA gene sequence anal-
ysis. The authors extracted genetic material from the
inner region of the ice core samples in aseptic
193H. Kanda / Polar Science 3 (2009) 189e196conditions using the fusion device. Based on their
analysis, the group was able to determine the origin of
the material and the transportation/sedimentation
processes that led to the deposition of the microbes in
the snow, ice, or ice sheet. In addition, the group
improved the ice core fusion device to avoid contami-
nation of the ice core.
Miyake et al. (2006) and Uetake et al. (2006)
investigated the changes in the abundance of micro-
organisms in relation to the glacial-interglacial cycle in
the Dome Fuji ice core. Few studies have investigated
this relationship even though microorganisms are an
ideal marker of environmental changes.
The genomic analysis of bacteria collected in the
deep ice core from Dome Fuji is complicated by the low
number ofmicroorganisms (10e102/ml). To address this
issue, members of the EAGLE project developed
a technique involving 16S rRNA analysis from single
cells isolated by laser microdissection. The authors used
this technique to identify bacterial cells in a sample
collected from an Antarctica iceberg. Currently, the
technique is being used for the genomic analysis of
bacteria living in an Antarctic lake. The final goal is to
complete the genomic analysis of the single cells within
the deep ice core, which are not able to be cultured.
3.3.1.2. Phylogenetic characterization of non-rRNA
sequences from uncultured environmental microbe
mixtures on the basis of Batch-Learning Self-Orga-
nizing Map (BLSOM). Metagenome analysis involves
the shotgun sequencing of samples that contain genetic
material from anumber of organisms. The techniquewas
developed to search for novel and potentially useful
genomes frompoorly characterizedmicroorganisms and
to study microbial diversity in a wide variety of envi-
ronments (Abe et al., 2005, 2006). Recently, researchers
from the EAGLE project developed a Batch-Learning
SOM(BLSOM) that does not depend on the order or data
input. TheBLSOMwas then used to reveal and visualize
microbial diversity and the relative abundance of
microorganisms from the polar regions. The BLSOM
was based on the tetra nucleotide frequency of 5 kb
sequence fragments, constructed from all known
prokaryote species. Using the BLSOM, the sequences
were classified into 28 major phylogenetic groups
without any species information, suggesting that the
technique is a powerful tool for phylogenetic classifi-
cation of genomic sequence fragments.
3.3.1.3. DNA analysis of a single pollen grains from
Antarctic snow. Little is known about the concentration
and composition of pollen in Antarctic snow (Nakazawaet al., 2005). As part of the EAGLE project, the research
group conducted DNA analysis of pollen grains
collected from Antarctic snow. The group examined
snow samples obtained from three sites in Antarctica.
Pollen concentrations ranged between 0.18 and
1.2 grains/kg at the three sites. Pollen from the genus
Pinus was the most abundant, accounting for 50e100%
of the total sample. The authors used genetic analysis of
rbcL gene (1331 bp) and the spacer region between
rpl20 and rps18 (576 bp) in the chloroplast genome to
identify the pollen originating from the genus Pinus.
3.3.1.4. Ecology of bacteria in various glacier
ecosystems. Glacial microbial communities have been
studied in several areas, including Alaska and Chile
(Segawa et al., 2005; Yoshimura et al., 2006; Kohshima
et al., 2007; Santiban˜ez et al., 2008). As part of the
EAGLE project, the group used culture dependent and
independent (DGGE) methods to study polar glacial
microbial communities. Both methods revealed altitu-
dinal changes in the microbial flora. Such information is
useful when interpreting ice core data.
Takeuchi and Zhoungqin (2008) investigated
surface microbes from the U¨ru¨muqi glacier, China.
They found an analysis of organic matter and micros-
copy of the surface dust revealed that the dust con-
tained high levels of organic matter, including living
cyanobacteria. Similarly, researchers associated with
the EAGLE project analyzed microscopic insoluble
particles in ice cores drilled on the Asian mountain
glaciers. The insoluble particles consisted of wind-
blown mineral dust, pollen from vegetation
surrounding the glacier, and microorganisms growing
on the glacial surface (Ishida et al., 2008).
The research group has also investigated the rela-
tionship between glacial microbes and albedo in west
Greenland glaciers. The glaciers of Greenland are
melting at an increasing rate as a result of global
warming. Albedo is one of the key factors contributing
to glacial melting and may also play a role in deter-
mining the availability of nutrients for glacial
microbes. Recently the group identified the microor-
ganisms, collected from the Qaanaaq and Ilulissat
glaciers, Greenland during this study, using 16S rRNA
gene analysis (Kohshima et al., 2008).
3.3.2. Comparative studies on the biological systems in
extreme environments in polar regions
3.3.2.1. Biological diversity in extreme environ-
ments. Researchers from the EAGLE project collected
a number of microorganisms in the Antarctic ice-free
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different environmental conditions, including their
ability to withstand low temperature (psychrotrophs/
philes), high salt concentration (halophiles), and low
nutrient availability (oligotrophs/philes). The organ-
isms were cultivated under both aerobic and anaerobic
conditions. As a result, w1000 different microorgan-
isms were isolated from 20 different growth media
based on their growth characteristics, colony
morphology, and color. Approximately 500 of these
strains have been typed based on their 16S rRNA gene
sequence. A number of strains displayed low sequence
similarity (<95% identity) with previously character-
ized bacteria, suggesting that these strains may repre-
sent of novel genera (Imanaka, 2008).
Unique communities of moss, termed moss pillars,
were first documented on a lake bottom in Skarvsnes
near Syowa Station in 1996 (Imura et al., 1999). Since
then, a number of researchers have investigated the
taxonomy and ecology out of these colonies. However,
little is known about the microorganisms that inhabit
the moss pillar ecosystem, despite their potential role
in nutrient cycling. An Antarctic moss pillar commu-
nity is a mini-ecological system composed of aquatic
mosses (Bryum sp. and Leptobryum sp.). The pillar has
an oxidizing exterior and reducing interior with an
associated redox gradient and boundary. The genetic
diversity of cyanobacteria/proteobacterial RuBisCO in
the moss pillar community was analyzed using
molecular approaches (Nakai et al., 2008).
As part of an ongoing study into Antarctic lake
ecosystems, the EAGLE group measured the phylo-
genetic diversity among ammonia monooxygenase
genes in organisms from the sediment of an Antarctic
lake (Naganuma et al., 2005; Kaneko et al., 2008).
Ammonia oxidation, the oxidation of ammonia (NH3)
to nitrite (NO2
), is an important part of the nitrogen
cycle in aquatic and terrestrial ecosystems in
Antarctica. Despite this, few studies have examined the
diversity and habitat of ammonia-oxidizing prokary-
otes (AOPs). The group determined the phylogenetic
diversity of the ammonia monooxygenase a-subunit
(amoA) gene, an AOP-specific enzyme, in sediment
samples from Suribati Ike, a hypersaline meromictic
lake located near Syowa Station.
Deep-sea hydrothermal vents are known to contain
a number of novel microorganisms (Hara et al., 2007;
Yokobori et al., 2007). The deep-sea hydrothermal vent
area is rich in reduced compounds, provided by water
heated in the hydrothermal vents. The EAGLE group
collected microorganisms from sulfide structures at
four hydrothermal fields, on and off-axis from theback-arc spreading center in the southern Mariana
Trough. The samples were then analyzed using culture-
independent methods. The abundance of microbes in
the sulfide samples was determined by analysis of total
organic content, enzymatic activity, and copy number
of the 16S rRNA gene. The microorganisms were more
abundant on the exterior than in the interior of the
sulfide structures. Furthermore, the microbial
communities present on the inactive chimneys were
significantly different from those on the active
chimneys.
3.3.2.2. Comparative molecular analysis of Antarctic
nematodes. Nematodes are multicellular organisms,
many of which are able to live in hostile environments,
including the Antarctic. EAGLE researchers evaluated
the molecular and genetic mechanisms involved in
adaptation to the Antarctic environment in nematodes.
There is little molecular data for Antarctic nematodes.
Thus, the group used 18S and 26S rRNA gene
sequences from single wild nematodes for molecular
phylogenic analysis. In addition, they compared the
genetic and morphological features of the Antarctic
nematode (Panagrolaimus davidi) and a model nema-
tode (Caenorhabditis elegans). The authors concluded
that the expression profiles of these two species
reflected the differences in their life history (Kagoshima
and Kohara, 2008).
3.3.2.3. Integrated biological database of extreme
environments. An integrated biological database
contains data on all the specimens housed at the
National Institute of Polar Research (NIPR). The
database stores data on morphological features (from
three-dimensional (3D) microscopic images), genetic
information (genomic DNA), and geographical infor-
mation (mapping). A database for Antarctic moss
specimens was created at the NIPR in 2002. Recently,
the group added 3D data from the moss specimens,
based on analysis of dry specimens (7 genera, 11
species) collected from the Syowa Station area. The
group also attempted to extract DNA from approxi-
mately 1000 samples of frozen and dry specimens
collected in Arctic and Antarctic regions. However, the
process of DNA extraction was complicated by the
effect of nucleases, polysaccharides, pigments, and
secondary substances. Similarly, many of the dry
specimens were damaged by methyl bromide, used
during the past 20 years for fumigation (Kobayashi
et al., 2008). Despite this, information on all of the
terrestrial plant materials, including fresh water algae,
lichens, and mosses, which have been collected at the
195H. Kanda / Polar Science 3 (2009) 189e196Japanese Antarctic Station, was entered into the data-
base (Kanda et al., 2008). The entries include infor-
mation on the taxonomy and ecology of cyanobacteria,
green algae, diatoms (Bacillariophyceae), and yellowe
green algae (Xanthophyceae), as well as descriptions,
illustrations, and images of each species. The data and
images may be accessed through the Database of Polar
Biodiversity homepage: (http://antmoss.nipr.ac.jp/data
base.html).References
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